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COMPETITIVELeopold Center GRANT REPORT 
FOR SUSTAINABLE AGRICULTURE L E O P O L D C E N T E R 
The effects of transgenic soybeans and associ­
ated herbicide treatment upon soil-surface 
mesofauna 
Abstract: While the percentage of transgenic soybean varieties being planted in Iowa has increased 
greatly, little has been done to evaluate the ecological consequences of these new technologies. 
Investigators examined the possible effects of three of these transgenic varieties and their associated 
broad-spectrum herbicides on soil-surface mesofauna, specifically springtails. 
Background 
More than half of the 1999 Iowa soybeans were 
transgenic varieties. Relatively little work has 
been done, however, to study non-target ef­
fects of transgenic weed management systems 
on beneficial insects in soybean fields. 
Among the most important non-target inhabit­
ants of soybean fields are arthropods. Among 
them are hundreds of species, most of them 
beneficial. Altering this ecosystem by cultur­
ing herbicide-resistant soybeans could disrupt 
populations and communities of beneficial 
predators, parasitoids, fungal grazers, and de­
composers of organic residue. Decomposers 
such as springtails, or Collembola, are espe­
cially important consumers of plant residues 
and soil fungi, and also help create humus. 
Much concern has been expressed regarding 
effects of pesticides and pollutants on 
Collembola in the field. There are questions 
about whether herbicide activity or mechanical 
cultivation has the greater impact on 
Collembola. Another consideration is the dif­
fering potential effect of conventional pre­
emergence herbicide application vs. specific 
broad-spectrum targeted herbicides applied 
several times later in the season to transgenic 
soybean varieties that are resistant to them. 
Although both chemical methods avoid the 
need to mechanically disturb the soil, they 
could have quite different impacts on 
Collembola populations because their appli­
cation schedules, and therefore their tempo­
ral effects on weeds, differ. 
There are two basic ways to assess the effects 
of these various weed management strate­
gies. One is to monitor the effects on selected 
individual species, and the other is to examine 
the effects on the numbers and diversity of 
Collembola communities as a whole. 
The objectives for this project were to: 
•	 Identify springtail populations to at least 
the generic level, and the specific level 
whenever possible, 
•	 Examine how species composition of 
springtail communities varies over the 
growing season, and 
•	 Look for correlations of springtail abun­
dance and species composition and spe­
cies richness of springtail populations 
with various soybean varieties and weed 
management treatments. 
Principal Investigator: 
Larry P. Pedigo 
Co-investigator 
Royce J. Bitzer 
Entomology 
Iowa State University 
Budget: 
$35,000 for year one 
$35,000 for year two 
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Approach and methods 
Surface-active Collembola populations were 
studied at the Iowa State University Bruner 
Research Farm from 1996 through 1998. The 
treatments consisted of six soybean varieties 
and three weed management systems. The 
three soybean varieties resistant to Roundup® 
or Liberty® herbicides received each of the 
three weed management system treatments. 
The other three varieties not resistant to these 
herbicides received only the six conventional 
and mechanical treatments. (There were 15 
treatments in all.)We examined how the three 
weed management treatments affected the to­
tal number and the numbers in each species. 
The population of surface-active Collembola 
was sampled during the soybean-growing sea­
son. The first sample was collected one week 
after sampling began and samples collected in 
pitfall traps were taken weekly thereafter. Each 
treatment plot had one trap, installed during 
the week of planting and maintained until just 
before harvest. Traps were randomly placed 
near the center of the plot. 
Samples were returned to the ISU entomology 
laboratory for processing. Collembola in each 
of a three-year total of 3,030 samples were 
counted and identified using both light and 
scanning electron microscopy. Researchers 
took digital photographs and scanning elec­
tron micrographs of Collembola at various 
magnifications. 
Leopold Center Progress Reports Volume 10 (2001) 
Investigators also considered possible effects 
of the extent of soybean plant cover on spring­
tail numbers, and possible correlations of any 
variation of weed cover with the different 
weed management treatments. Leaf area index 
(LAI) of the soybean canopy is the ratio of leaf 
area to soil surface area, and was measured 
every two weeks after soybeans reached a 
certain growth stage. Weed population and 
cover were estimated visually each week. 
Results and discussion 
Over three years, the project investigators 
counted a total of 309,056 springtails. They 
found approximately 50 species, a surpris­
ingly high level of diversity in a cultivated 
area. Springtail populations were lowest in 
1996, highest in 1997, and reached intermedi­
ate levels in 1998. Twenty-one species, rang­
ing from rare to abundant, were analyzed in 
detail. They included mainly medium-to large-
bodied fungus-feeders and shredders, and also 
several smaller humus-forming species that 
are probably more common deeper in the soil 
than at the surface. 
Weed management treatments affected the 
numbers of some common species of spring­
tails. Overall, their numbers were highest in 
plots receiving targeted broad-spectrum her­
bicides to transgenic soybeans, intermediate 
in plots receiving an initial conventional her­
bicide application, and lowest in control plots 
receiving only mechanical cultivation. 
However, not all these correlations were sig­
nificant. The treatments strongly affected some 
species, mainly larger, surface-active spring­
tails that peak in mid- to late-season, whereas 
early-season species, or smaller, true soil spe­
cies were affected weakly or not at all. Typical 
patterns of abundance of particular species 
were: 
•	 More individuals found in the conven­
tional than in the mechanical plots, 
•	 More individuals present in the targeted 
than in the either the conventional or me­
chanical plots, with the latter two not dif­
fering significantly, or 
•	 More individuals found in the targeted and 
conventional than in the mechanical plots. 
Targeted treatments of Liberty Link® soy­
beans more strongly affected springtail abun­
dance than did targeted treatments of Roundup-
Ready® soybeans. Most treatment differ­
ences, including those between Roundup-
Ready® and Liberty Link®, were attributed to 
differences in weed cover and soil distur­
bance, rather than to any toxic effects of the 
herbicides. 
Four species were chosen as the best candi­
dates for bioindicators of the treatment effects. 
The timing of both weed growth and weed 
management was as important to springtail 
populations as the weed-management method 
itself. The more important treatment factor 
that induced higher populations of most spe-
The surface-active 
springtail, Isotoma 
viridis Bourlet, 1839 
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For more information 
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cies of springtails was not more weed cover 
per se, but likely the greater amounts of or­
ganic matter that resulted after these weeds 
were killed by the targeted herbicide applica­
tions. This, coupled with the lack of discern­
ible toxic effects of the herbicides themselves, 
suggests a short-term benefit to springtail 
populations. 
Conclusions 
Results from this project suggest an absence of 
deleterious effects from transgenic herbicide-
resistant soybean varieties and their associ­
ated weed management systems on total 
Collembola and most individual species of 
Collembola. There may even be a short-term 
benefit from targeted herbicide treatments 
because they kill established weeds that can 
provide organic matter for Collembola growth. 
However, this same benefit probably could be 
derived from any addition of organic matter to 
the soil. 
Mechanical cultivation decreased Collembola 
numbers relative to the numbers in the herbi-
cide-treated plots. This suggests that using 
either conventional herbicide treatments or 
broad-spectrum herbicides with herbicide-tol-
erant transgenic crops could benefit Collembola 
by reducing or eliminating the need for tillage. 
Other agricultural practices that reduce the 
need to disturb the soil, such as no-till crop­
ping, could likewise benefit Collembola 
populations. 
Impact of results 
Observations during this project suggest that 
some springtail species are useful as general 
biological indicators. They respond to a rela­
tively broad range of factors that indicate gen­
eral “soil health.” Thus, examining the spring­
tail community could be useful to assess the 
results of a wider variety of agricultural activi­
ties, including the effects of applying organic 
matter or insecticides or the effects of planting 
vegetation in border strips near fields. Be­
cause springtails are so small and require spe­
cial equipment to collect and identify, their 
most effective use as indicator species will be 
in observational or experimental research tri­
als, rather than in field scouting efforts. 
Education and outreach 
Three scholarly publications recounting this 
research are in progress. 
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